A simple, sensitive, and rapid spectrophotometric method for the assay of glyphosate (=N-(phosphonomethyI)glycine) in various formulations (Roundup, Excel Mera 71) and environmental water samples is described. The method is based on the reaction of glyphosate with ninhydrin (= 2,2-dihydroxy-li/-indene-l,3(2//)-dione) in presence of sodium molybdate in neutral aqueous mediimi at 100° to give a Ruhemann's purple product having the VIS absorption maximum at 570 nm (Scheme , Fig-1 ). The product is stable for 10 h. Beer's law is obeyed in the concentration range of 0.1-3.5 (jg ml"'. The molar absorptivity and SandeWs sensitivity are 3.2816 10*1 mol"' cm"' and 5.2 ng cm"^, respectively (Table  1 ). The method is highly reproducible, as confirmed by the relative-standard-deviation (r.s.d.) values (1.70%; Table 2 ). Recovery studies estabUsh that this method is accurate (Table 5 ) and can be successfully employed for the determination of glyphosate.
Introduction. -Glyphosate {Roundup) is one of the world's most popular nonselective effective herbicide used primarily for perennial weed control and killing weeds. It was discovered by Dr. John E. Franz of Monsanto in 1971 and released commercially in 1974. Starting in 1983, Roundup became the first pesticide with worldwide sales of over 1 billion dollars. It is known as a 'postemergence' herbicide, because it can not be used until the weed species has sprouted or emerged.
Glyphosate, an organophosphorus compound, is often used as the active ingredient in mixed herbicides. It is a phosphonoglycine that does not inhibit cholinesterase activity. Generally it is said to have very low toxicity, but several in vivo and in vitro studies on animals have revealed its teratogenic, mutagenic [1] , carcinogenic effect [2] , and its impact on environment and on aquatic Ufe is becoming more pertinent day by day. Contamination of ground water is due to its high affinity towards water (solubiUty is 12 ppt at 250°). These features prompted us to find an effective analytical method for the quantification of glyphosate.
A literature siu^ey reveals that so far, very few methods have been developed for the quantitative estimation of the presence of glyphosate, viz., gas-chromatography [3] [4] [5] , GCMS [6] [7] , liquid-chromatography [8] , HPLC [9] , electrophoresis [10] and current oscillopolarographic titration [11] . We now report the first direct, simple, rapid, and accvu^ate spectrophotometric method for the determination of glyphosate residues thus meeting an ever increasing demand for the analysis of glyphosate in water samples. The proposed method involves the reaction of glyphosate with ninhy- Scheme drin as a chromogenic reagent, in aqueous neutral medium and in the presence of sodium molybdate as a catalyst, yielding Ruhemann's purple product.
Proposed Reaction Path of Glyphosate with Ninhydrin in the Presence of Sodium Molybdate

Results and Discussions. -Spectral Characteristics of the Colored Product
A Ruhemann's purple product with a maximum VIS absorption at 570 nm was formed when glyphosate was allowed to react with ninhydrin in the presence of sodium molybdate in aqueous neutral medium at 100° (Scheme). The colorless reagent blank had a practically negligible absorption at 570 nm. Absorption spectra of the colored product against the corresponding reagent blank are shown in Fig. 1 .
Optimization and Reagent Concentration. Various concentration and volume ranges for all the reagents in HjO were studied in detail. It was found that 5% (w/v) ninhydrin in the range 1.0-2.0 ml and 5% {w/v) sodium molybdate in the range 1.0-3.0 ml were necessary to obtain a stable Ruhemann's purple product with maximum absorption at 570 nm. Hence, 1.0 ml of aqueous ninhydrin solution and 1.0 ml of aqueous sodium molybdate solution were selected to produce maximum color intensity. There was no appreciable change in the absorbance or color of the product if the order of addition of reactants was varied. Dilution of the reaction mixture was tried with EtOH, acetone, and H2O where the latter gave the best result with maximum color intensity and stability.
Quantification. Beer's law is obeyed over the glyphosate concentration range of 0.1 -3.5 Jig ml"'. A calibrated graph was constructed by using values obtained with solutions containing varying amounts of analyte and specified amounts of reagents, against colorless reagent blank. The limit of quantification (LOQ) was determined by taking the ratio of the standard deviation (CT) of the blank with respect to H2O and the slope of the cahbration curve (s) multiplied by a factor 10. The limit of detection (LOD) was determined by taking the ratio of the standard deviation (a) of the blank with respect to H2O and the slope of the calibration curve (s) multiphed by a factor 3.3. The upper limit of the Beer-Lambert range was determined by a series of concentrated solutions, and the lower Umit of the Beer-Lambert range was determined by a •) Regression curve: y=ax+b, where x is the concentration of glyphosate (in pgml ') and y is the absorbance of the colored product.
•>) Mean value of seven determinations.
series of diluted solutions at the value of A"". Beyond this limit, the correlation results were affected. Hence, the measurements were excluded above and below these limits to keep the relationship linear. The Beer's-law plot and analytical parameters aie given in Fig. 2 and Table 2 ). Proposed Reaction Mechanism. The secondary-amine moiety of glyphosate reacts with ninhydrin in the presence of sodium molybdate as catalyst imder elimination of H2O molecule to give product I and III forming Ruhemann's purple [12] in aqueous neutral medium. The tentative mechanism is as shown in the Scheme.
Stability of the Colored Product. The purple product obtained from glyphosate by the proposed method was studied at different temperatures. The results indicate that the absorbance values of the color product remain constant in the temperature range H06194 1588 of 20-40°. At higher temperature, the absorbance values decrease indicatmg the dissociation of the product. To obtain color at the initial stage after addition of all the reagents, it was mandatory to heat on a boihng water bath for ca. 3-5 min. After cooling to room temperature, the colored product can sustain a temperature up to 40°. Ruhemanii's purple product formed under the optimized conditions was stable up to 10 h at room temperature.
Effect of Foreign Species. The suitabihty of the method for the appUcation to water samples was studied by studying the influence of various cations, anions, and other pesticide species in solutions containing 1.75 |xg ml"' glyphosate. The results are given in Table 3 . Except for carbofuron and propoxux, other pesticides such as parathion ethyl, malathion, fenitrothion, carbaryl, 2,4-D, parathion methyl, phenol, o-cresol, and 4-nitrophenol did not interfere seriously. The tolerance limits given in Table 3 are the concentrations of diverse species that cause ± 2% error in the determination of glyphosate by our method.
The results also showed that a large number of metcdlic and nonmetallic ions did not interfere. However, Fe^'^and Cu^+ had strong interference which, when present up to 100 ng mi"' could be masked by using 450 yig ml'^ of EDTA (= ethylenediaminetetraacetic acid=N,A^'-ethane-l,2-diylbis[N-carboxymethylglycine]) solution.
Applications: Determination of Glyphosate in Commercial Formulations. The method was apphed to determine the glyphosate content in different glyphosate formulations. Two different conmiercial formulations. Roundup 41% SL (soluble liquid) and ammonium salt of glyphosate 71% SG (soluble granule), were diluted with HjO (within the Becr's-law range 0.1-3.5 pg ml"') and analyzed by the recommended procedure. The results are represented in Table 4 . Statistical data showed that this method can be effectively employed for the determination of glyphosate in various commercial formulations.
Recovery of Glyphosate from Enriched Water Samples. A known amount of glyphosate was added to different water samples, viz., tap water, pond water, and river water. These spiked water samples were evaporated to dryness, and the residues obtained were dissolved in distilled HjO to give a known volume. With these solutions, recovery of glyphosate was carried out by the recommended procedure. Data are shown in Table  5 .
Determination of Glyphosate in Runoff Water. Rimoff water from nearby different fields where glyphosate had been sprayed was collected in two different 100-ml bottles. These two samples were filtered and extracted separately with 100 ml (4 x 25) of CH2CI2 [13] . The extracts were evaporated under reduced pressure on a water bath (ca. 50°), the residues dissolved in a 10-ml calibrated flask each, and the volume completed to 10 ml with H2O. Suitable ahquots were analyzed by the proposed method.
Conclusions. -From the literature, it is known that no direct spectrophotometric method for the quantitative estimation of glyphosate has been reported so far. We now propose for the first time a sensitive and direct spectrophotometric method for the quantification of one of the top 10 herbicides (glyphosate) in the world. This method is economically viable, simple, does not need an extraction procedure, and can efficiently be used for the analysis of the glyphosate in environmental water samples and in commercial formulations. Even though alternative analytical techniques like H06194 1588 Table 3 
. Effect of Natural Water Contaminants and Other Pesticides on the Determination of Glyphosate
Residues. The concentration of glyphosate is 17.5 ng per 10 ml.
Foreign species Tolerance limit [ng ml ')') Parathion, malathion, fenitrothion, carbaryl, 2,4-D, parathion methyl Phenol, o-cresol, 4-nitrophenol Na+, K+, Ca^+, Al'"^, M^"^, QMn^+, Zn'-', Pb^+, Hg2+, EDTA tartarate, Cd'+ PO^, SOJ-, NOi", CO5-, citrate, I" Qj2+_ pg2+b) 2500 1300 700 450 300 100
•) Tolerance limit which caused up to ±2% error of recovery. ^) Can be masked up to 100 \t% ml"' by the addition of 450 pg ml"' of EDTA. •) Collected (100 ml) from Manasagangotri, University of Mysore, India.'') Collected (100 ml) from Kukkarahalli, Mysore District, Kamataka, India.') Collected (100 ml) from Kaveri River, Mandya District, Kamataka, India.
•") Mean value of seven determinations. HPLC or GCMS exist, they are costly and may involve multiple steps. Our method can efficiently be performed even in an ordinary laboratory by using a simple spectrophotometric instrument and novel proposed chromogenic reagents. Using ninhydrin as a chromogenic reagent for the determination of glyphosate is very suitable since it is H20-soluble, noncarcinogenic, and eco-friendly in nature. The purple product formed is highly stable at room temperature (lOh) which makes the method more practicable. The optical characteristics established that the results are appreciably reproducible and reliable which was confirmed by precision and accuracy results. Thus, the proposed method can efficiently be employed for the determination of glyphosate in different commercial formulations and environment water samples.
H06194 1588
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ExperimeBtal Part
General All the chemicals used were of AR grade. Solns. were prepared with double distilled H2O throughout the experiment. Qass-A glassware treated with KOH/EtOH were used to avoid the apparent binding of glyphosate to glass [14] . VIS Spectroscopy: Systronics Spectrophometer; model 206, with 10-nui matched quartz cells.
Standard Glyphosate Solution. A stock soln. of 500 (ig ml~' of glyphosate (96% purity; Porutli, Bombay) was prepared by dissolving 50 mg in H2O in a 100-ml volimietric flask and diluted to 100 ml with H2O. From this stock soln, a 100 (jg ml"' soln. was prepared by appropriate dilution with HjO.
Aqueous Ninhydrin Solution. A 5% (w/v) soln. was prepared by dissolving 5 g of ninhydrin (=2,2-dihydroxy-l//-indene-13(2i/)-dione; Merck, Germany) in H2O in a 100-ml volimietric flask and diluting to 100 ml with H2O.
Sodium Molybdate Solution. A 5% (w/v) soln. was prepared by dissolving 5 g of sodium molybdate {Merck, Germany) in H2O in a 100-ml volumetric flask and diluting to 100 ml with H2O.
H06194 1588
Sample Preparations, a) A100 pg ml"' Roundup working soln. (glyphosate 41% soluble liquid; Monsanto India Ltd. Mumbai, India) was prepared by dissolving 24.40 mg in H2O in a 100-ml volumetric flask and diluting to 100 ml with H2O. Suitable aliquots were analyzed for the estimation of glyphosate by the proposed method.
b) A 100 Mg ml"' Excel Mera 71 working soln. (glyphosate 71% wlw soluble granule; Excel Crop Care Ltd. Mumbai, India) was prepared by dissolving 14.08 mg in H2O in a 100-ml volumetric flask and diluting to 100 ml with H2O. Suitable aliquots were analyzed for the estimation of glyphosate by the proposed method. c) Tap water, pond water, and river water were collected (100 ml each) from Manasagangotri, Kukkarahalli, and Kaveri River, resp. To these samples, knovra amounts of glyphosate lying within the Beer'slaw range (1-35 \i%) were added. Recovery studies were then performed by the proposed method.
d) Two runoff-water samples (100 ml each) were collected in polyethene bottles from nearby fields (Elawala and Hinkle rural area, Mysore) where glyphosate was known to be used. These two samples were extracted with CH2Q2 and used for the determination of glyphosate residue by the proposed method.
Recommended Procedure for the Preparation of Calibration Curve A soln. containing 1.0-35 ng (Beer's-law range) of glyphosate was transferred into a series of 10-mI volumetric flasks to which 1.0 ml of 5% ninhydrin soln. and 1.0 ml of 5% sodiimi molybdate soln. were added. The mixture was kept on a boiling water bath for 3-5 min. The Ruhemann's purple dye formed was cooled to r.t. and diluted with H2O. The absorbance of the purple dye was measured at 570 nm against the corresponding reagent blank, and a calibration graph was constructed.
Introduction
Carbaryl (1-Naphthyl -N-Methyl carbamate) is a broad-spectrum pesticide, extensively used as contact and systemic insecticide on agricultural products, introduced in the year 251 PADMARAJAIAH NAGARAJA et al.
1957
. Even though it is a cholinesterase inhibitor, it has been accepted to have low mammalian toxicity. This type of concept is due to upon chemical hydrolysis and biodegradation carbaryl producing metabolites, among which 1-Naphthol is a major product which does not accumulate in the body, but it excretes in urine and faeces. Despite these merits, recent data shows that some adverse effects have also been reported. It includes, alteration of liver microsomal enzymes', sub chronic neurotoxicity^, changes on immunological function in in-vitro culture^ and the combination of cyano-bacteria with Carbaryl and 1-Naphthol showing more toxicity when compared to cyano-bacteria alone *.
A detailed survey of literature reveals few methods including chromatographic ^*, immunoassay '"'^ and Spectrophotometric methods ""'^ are reported. But these reported methods are having their own demerits; example HPLC methods are very expensive due to high cost of solvents and other spectrophotometric methods are of low sensitivity and multiple steps involved. Therefore the present paper describes simple, sensitive and rapid method for caifoaryl estimation. It involves coupling of carbaryl with diazotized dapsone in KOH media.
Experimental
Materials and methods
SYSTRONICS SPECTROPHOTOMETER -106 Model with 10mm matched quartz cells was used throughout the spectral measurement.
Reagents
Analytical grade sample of Carbaryl pesticide (99.9%) was obtained from Bayer India Ltd. India. 4-4'-diaminodiphenyl sulfone (dapsone) was obtained from Merk (Germany), Pesticide grade methanol and acetone were obtained from Sigma, (USA), Sodium nitrite. Potassium hydroxide, Sulphamic acid, were from BDH, AnalR. Double distilled water was used throughout the experiment.
A stock solution of carbaryl (1000 |ig ml"') was prepared by dissolving lOOmg of caibaryl in acetone in 100 ml calibrated flask and diluted with acetone. 5 M KOH solution was prepared in methanol. Sodium nitrate 1.0% solution in water, 0.2% dapsone was prepared in IM hydrochloric acid, 2% Sulphamic acid was prepared in water.
Recommended procedure An aliquot of the standard solution of carbaryl containing 1.5-50 |ig of carbaryl was transferred into a series of 25 ml of calibrated flasks, 5ml of 5M KOH solution was added to each flasks and allowed to stand for 5 min for complete hydrolysis, followed by the addition of 2ml of 0.2% dapsone, 2 ml of 1.0 % sodium nitrate and 2 ml of 2% Sulphamic acid and kept aside for 2min to complete the reaction with occasional shaking. Pink coloured azo dye was formed. Dilution was made with water up to the mark and the absorbance was recorded at 540 nm against the corresponding reagent blank and calibration graph was constructed.
Results and Discussion
Spectral characteristics
The proposed method involves the formation of a pink azo dye having X "» of 540 nm. The reagent blank had negligible absorption at this wavelength. The absorption spectrum of the coloured dye and the corresponding reagent blank are given in the 
Optimization of the reagent concentration
Various concentration and volume ranges for all the reagents were studied in detail. It was found that dapsone in the range of 1-2 ml, sodium nitrite in the range of 0.5-4.0 ml, sulfamic acid in the range of 0.5-4.0 ml and KOH 2-5.0 ml were necessary to obtain a stable pink colored product with maximum colour intensity.
Quantification
Adherence to Beer's law by the coloured product of diazotized dapsone with hydrolyzed carbaryl (sevin) was determined by measuring the absorbance at appropriate wavelength (540 nm) for a set of solutions containing varying amounts of analyte and specified amounts of reagents against colorless reagent blank. Beer's law was obeyed over the hydrolyzed carbaryl range of 0.06-2.0 ng ml'. Limit of quantification (LOQ) is determined by taking the ratio of standard deviation (a) of the blank with respect to water and the slope of the calibration curve (a) multiplied by a factor 10. LOQ is approximately 3.3 times the limit of detection (LOD). Naturally, the LOQ slightly crosses the lower limit of the Beer's law range. But LOD is well below the lower limit of the Beer's law range. The upper limit of the Beer-Lambert range is determined by a plot of absorbance against concentration at the value of X max-Beyond this limit, the correlation results were really affected. Hence, the measurements were excluded above these limits to keep the relationship linear. The optical characteristics and precision data are given in Table 1 .
Precision and Accuracy
The precision of the proposed method was ascertained from the absorbance values of five replicates. The percentage relative standard deviation was calculated for the proposed method. The accuracy of the method was confirmed by recovery methods.
OH • I O-CN-CHj
Highly Sensetive Reaction for the Estimation of Carbaryl 
Recovery of Carbaryl residues from grain samples
Grain samples such as wheat and rice were taken of about 20g each in a warming blender and blended for 15 min with 50 ml of chloroform. These samples were fortified with carbaryl in methanol and again blended for about 5 min. Chloroform was filtered and evaporated on water bath. Thus obtained residue was dissolved in methanol and estimation of carbaryl was carried out by proposed method and results are presented in the Table 4 . 
Comparison of Other Spectrophotometric methods with proposed method
The data presented in the Table 5 suggests the present method is very sensitive and facile when compare with other officially reported method.
Conclusion
The proposed spectrophotometric method is simple to perform, cheaper and sensitive when compared to many other existing methods which are shown in Table 5 . The sensitivity, simplicity, temperature independence and stability of the colored product are the advantages of this method. This method can be used to detect 0.0102 ^g ml"' and quantitatively detect 0.0342 \xg ml"' of carbaryl and does not involve extraction step and the use of carcinogenic solvents. The proposed method does not entail any stringent experimental variables which affect the reliability of the results. From the recovery studies it comes to know that this method can serve as an alternative method for determining carbaryl residues in various environmental samples.
INTRODUCTION
Carbaryl is one of the most frequently used carbamate insecticide and widely used for the control of a variety of pests on fruits, vegetables, forage, crops, livestock and pets'^'. Like most carbamates, carbaryl acts as an inhibitor to cholinesterase, one of many important enzymes in the nervous systems of humans, vertebrates and insects'^'. Acetylcholinesterase (AChE) works to break down another chemical, acetylcholine, which is essential in transmitting impulses between nerves. Therefore, when carbaryl is used, AChE becomes unable to break down acetylcholine, which consequendy accumulates in nerve cells. This abnormal acetylcholine buUd-up can cause in co-ordination, rapid twitching, paralysis and death'''*'.
Carbaryl has deleterious effects on a variety of wildlife including beneficial arthropods, birds, fish, earthworms, plants and bacteria. Because it is a broad spectrum insecticide with a mode of action common to the majority of living organisms, its target insects (mites) are not the only organism killed by its use, but numerous beneficial insects. This has been Full Paper found in both agricultural and non-agricultural systems'^. Toxicity to fish is varied but can cause death in concentrations as low as 2-16ppm in water'1. Sub lethal effects such as damage to gill and liver cells, kidney lesions were visible at concentrations less than Ippmn.
Because of the aforementioned toxic effects of carbaryl, it is inevitable to find a rapid, simple and sensitive and reliable method to analyse the residues of carbaryl in various environmental samples. Through the comprehensive literature survey it is found that some of the spectrophotometric methods'^""' are reported.
The present communication is the improved method of Sastry et al'"'. Sastry employed paminophenol for estimation of carbaryl. The colored product obtained by Sastry et al is less stable and less sensitive. In this proposed method, stability of the colored product, sensitivity and recovery are very much improved as compared to Sastry et al. This paper explains simple method developed for the estimation of hydrolyzed carbaryl using 4-hydroxy anilinium hydrochloride in the presence of copper as a catalyst in alkaline medium. The method offers the advantages of simplicity, sensitivity and rapidity without need for extraction.
EXPERIMENTAL
Instrumentation
"Systronics Spectrophotometer-106" model with 10mm matched quartz cells was used throughout the spectral measurement.
Chemicals and glassware
All the chemicals and solvents used were of AR and pesticide grade. Distilled water was used for diluting the other reagents throughout the experiment. Class-A glassware were used for present study.
Standard Carbaryl solution (100 Jig ml"')
Carbaryl pesticide (99.9%) was obtained from Bayer India Ltd. A stock solution of carbaryl (100 |i.g ml"') was prepared by dissolving lOmg of carbaryl in acetone in lOOml volumetric flask and diluted to lOOml with acetone. The stock solution was further diluted to 10 |Ig ml"' using acetone and it can be used as a working solution.
Hydroxy aniliniiun hydrochloride (0.025%)
Prepared by transferring 0.025 g of 4-hydroxy anilinium hydrochloride obtained from Merk (Germany), in to 100 ml volumetric flask, dissolved and diluted to mark with methanol.
Other reagents
Copper (II) solution (500 ^Ig ml"') was prepared in 100ml volumetric flask using 0.5ml concentrated sulfuric acid and diluted with water.
5 M NaOH solution was prepared in methanol.
Standard procedure
An aliquot of a sample containing 0.1-2.75Hg ml"' of working standard carbaryl solution and 1.0 ml of 5 M of methanolic sodium hydroxide solution was added into a series of 10 ml of calibrated volumetric flask and allowed to stand for 2 min to complete hydrolysis. To this content, 0.5 ml of 0.025% of methanolic solution of 4-hydroxy anilinium hydrochloride and aqueous solution of 0.1 nrl of 500 ppm of Cu^* were added. After 5 min, the colored solution was diluted using methanol and absorption of the resvilting blue-colored product was measured at 630 nm against a corresponding coreless reagent blank. A calibration graph was constructed.
RESULTS AND DISCUSSION
Spectral characteristics
The proposed method involves coupling reaction between 4-hydroxy anilinium hydrochloride and hydrolyzed carbaryl in presence of copper (11) as catalyst in alkaline medium to produce the bluish green colored product with X. of 630 nm. The reagent blank had negligible absorption at this wavelength. The absorption spectrum of the reaction product is shown in figure 1.
Optimization and reagent concentration
Various concentration and volume ranges for all the reagents were studied in detail. It was found that methanolic Sodium hydroxide in the range of 0. 1.5 ml, 4-hydfoxy anilinium hydrochloride 0.5-1.25 ml, and Cu^^ in the range of 0.1-0.6 ml were necessary to obtain a stable blue colored product with maximum absorption. Requited volumes of the reagents were hence used as noted in the standard procedure. Further dilution of the reaction mixture was tried with different solvents like ethanol, water, and acetone. Methanol gave the best result with maximum color intensity and stability.
Quantification
Adherence to Beer's law by the colored product of alkaline hydrolyzed carbaryl with 4-hydroxy anilinium hydrochloride was determined by measuring the absorbance at 630 nm. Constructed a calibrated graph using values obtained by the series of solutions containing varying amounts of analyte and specified amounts of reagents, against colorless reagent blank. Beer's law obeyed over the carbaryl concentration 0.1-2.75 |lg ml'. Limit of quantification (LOQ) is determined by taking the ratio of standard deviation (a) of the blank with respect to water and the slope of the calibration curve (s) multiplied by a factor 10. Limit of detection (LOD) is determined by taking the ratio of standard deviation (C) of the blank with respect to water and the slope of the calibration curve (s) multiplied by a factor 3.3. The upper limit of the Beer-Lambert range is determined by series of concentrated solutions and lower limit of Beer-Lambert range determined by series of diluted solutions at the value of A,_^^. Beyond this limit, the correlation results were really affected. Hence, the measurements were excluded above and below these limits to keep the relationship linear. The analytical parameters are given in TABLE 1.
Method validation
Accuracy and precision
The accuracy of the methods was established by recovery studies of carbaryl at three levels (within the calibrated graph). The precision was ascertained by calculating the relative standard deviation (RSD) (TABLE -2) .
Stability
The colored product of hydrolyzed carbaryl formed by the proposed method was found to be stable for 5 h at room temperature. Reproducible results were obtained in the temperature range of 20-40°C. vVn increase in temperature of above 40°C decreased the absorbance readings, indicating the decomposition of the product. However, a temperature of 30°C is recommended for the absorbance measurements of the colored product.
Effect of diverse ions and pesticides
In order to evaluate the suitability of the proposed method, the effect of various ions and pesticides which are likely to interfere in the determination of carbaryl was studied by adding a known amount of diverse ions and pesticides to 1 |lg ml' solution of carbaryl. The tolerance limits of interfering species were established at the concentrations that do not cause more than ± 2 % error in absorbance values. The interference of Ca^^andMgf* could be masked by adding 1 ml of 2 % EDTA. The tolerance limits of foreign ions are listed in TABLE 3. 
Proposed reaction scheme
Carbaryl on treatment with sodium hydroxide gives 1-Napthol. This hydrolyzed product gives bluish indo dye when reacted with 4-hydroxy anilinium hydrochloride in the presence of Cu^'^. The proposed reaction path way is given in SCHEME 1.
OH
4-hydroxy anilinium chloride
INDO DYE SCHEME 1: Proposed reaction path way
Applications of the method
Determination of catbaryl in vegetables
Vegetables such as beans and cabbage samples of about lOOg were meshed and spiked with known amount of carbaryl (|lg ml'); carbaryl was extracted with chloroform and dried to evaporate the solvent. This residue was dissolved in methanol and analyzed as mentioned in standard procedure. Obtained results are shown in TABLE 4. 
Determination of carbaryl in grains
The grain samples such as rice and wheat of 100 g each were taken in warming blender and blended for 5 min with 100 ml of chloroform. The samples were fortified with different concentrations of insecticides in methanol and blended for 5 min chloroform layer was filtered. The residue was washed twice with 10 ml of chloroform each and blended for 2niin and filtered. The chloroform extracts were evaporated to dryness and obtained residue was dis- 
Recovery of the carbaryl residues from spiked water samples
Water samples (100ml) were spiked with known amount of carbaryl (fig ml"^) , the pH of these samples adjusted to 3-4 with 2M sulphuric acid. The mixture was transferred into a separating funnel and insecticide was extracted using approximately 15 ml of chloroform in each occasion till complete extraction. The combined extracts were washed with 2ml of O.IM potassium carbonate to break any emulsion formed during the extraction. The extracted pesticide was dried over anhydrous sodium sulphate. Chloroform was evaporated and residue was dissolved in methanol. Determination was carried out by above procedure and data are shown in TABLE-6.
CONCLUSION
The proposed spectrophotometric method is simple to perform, cheaper, specific and sensitive when compared to many other existing methods (TABLE 7) . The sensitivity, simplicity, temperature independence and stability of the colored product are the advantages of this method. This method does not involve extraction step and the use of carcinogenic solvents. This method can be used to detect Full Paper 0.03 Hg ml"' and quantitatively detect 0.09 )i.g ml' of carbaryl. Proposed method does not entail any stringent experimental variables which affect the reliability of the results. From the above aspects it revels that this method can serves as an alternative method for determining carbaryl in various environmental samples.
